Despite significant investment in school one-to-one device programs, little is known about which aspects of program implementation work and why. Through a comparison of two implementation models, adopter-diffusion and saturation, using existing data from the One Laptop per Child Australia laptop program, we explore how factors of implementation may impact on device diffusion, learning and educational outcomes, and program sustainability in schools. The paper argues that more focused research into implementation of one-to-one device programs, moving beyond comparisons of 'devices versus without devices,' is needed to provide reliable data to inform future program funding and advance this area of research.
Introduction
device implementation through the alternative bottom-up adopter-diffusion model. Although interesting aspects of the adopter-diffusion model were revealed in this research, we argue that experimental research, requiring a narrow focus on implementation, is necessary to fully understand the outcomes of the various components of the approach. In the conclusion we suggest a program for structuring future research.
Adopter-diffusion versus saturation
The designs of one-to-one laptop programs can vary enormously, even where the intended outcomes of programs are the same. For instance, different approaches to implementation are actively debated within the One Laptop per Child international forums, where programs share common values and goals yet differ in practice according to national settings (http://blog.laptop.org/). As there is no room here to detail the various approaches, we focus instead on two extremes: The adopter-diffusion model is bottom-up in its design, in that implementation and diffusion of devices is reliant on teacher engagement and practice; the opposite approach, saturation, is top-down, in that implementation is conducted as a public program and all students are provided with devices regardless of teacher use and integration in practice.
The saturation model, commonly used in one-to-one programs, addresses students' access to achieve a one-to-one ratio of students to devices, often including custodianship of the device. Custodianship, whereby students have a level of ownership and control over an allocated device, assumes that continuous access to appropriate information and communication 
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The adopter-diffusion approach is less popular across large systems. The model focuses instead on individual teachers' take-up and integration of devices to stimulate grassroots diffusion and integration in learning, and to other teachers throughout a school. Devices are provided to teachers to support a one-to-one ratio in the classroom. The primary focus of this approach is teachers' use of the devices to support learning. Students may or may not have custodianship of a device to take it home. These two approaches reflect the two digital divides observed in education today: access to ICTs and use of ICTs (see Warschauer & Matuchniak, 2010) . The goal of both approaches is full saturation and diffusion of devices, across schools or school districts.
The issue of top-down or bottom-up change initiatives has been well researched in educational and organizational change literature, but analysis of one-to-one programs implementation and its relation to outcomes has not been conducted. The use of these categorizations here is not intended to be absolute. In this discussion, the framework of 'top and bottom' provides a way to conceptually differentiate the point of entry of device implementation.
Top-down focuses on laws and structure from leadership, while bottom-up is rooted in cultural practices and social norms. Interestingly, 'change in the bottom-up view is always gradual, evolutionary rather than revolutionary' (Easterly, 2008, p. 95) . Change from this approach has not resulted in large-scale changes in practice; rather, innovation, change and 'good practice' have created 'exemplary settings' that do not diffuse to the wider organization (Elmore, 1996) .
However, top-down approaches have often failed because of low engagement and minimal sustainability of change in the long term. Many large-scale educational change projects are beginning to incorporate aspects of both approaches. Programs have started from a top-down policy and 'national vision' approach, but have increasingly shown more consideration and inclusion of bottom-up approaches, at the school level, focusing on professional improvement and engagement (Fullan, 2009 ).
The spectrum of implementation approaches demonstrates ongoing adaptation and experimentation within the education field. However, research into one-to-one device programs, discussed below, has mostly failed to account for the different approaches to implementation, or to understand how programs respond to changes within the social and educational system. The evaluative nature of research in the area, and its primary concern with proving program success or failure, has produced contradictory and convoluted results. A narrower focus that tests implementation models is more likely to reveal how programs perform within a given social and educational system, and ultimately whether investment, time and attention to laptop programs is warranted.
Existing studies in laptop programs
The perplexing fact of one-to-one laptop programs is that, despite numerous studies, there are no clear guidelines for how programs should be implemented for best results. This knowledge is critical as one-to-one BYOD hybrid programs will need to justify investment to families able to afford devices, as well as provide equity of access to, and benefits of, ICTs to all students. In an effort to narrow the research, we have defined two main factors of the adopterdiffusion and saturation implementation -student access (including custodianship) and teacher use (training and engagement). These are significant factors, but they have not been directly compared and contrasted in existing studies, making it difficult to ascertain whether one or the other may lead to positive learning and educational outcomes.
Teacher use, teacher training and engagement are frequently addressed in observationbased studies of one-to-one laptop programs, typically focusing on what is being used and frequency of use. Research has shown that students and teachers participating in one-to-one device programs use computers more frequently, and teachers report being able to integrate technology more easily (Warschauer et al., 2011) . The most commonly reported uses of laptops in one-to-one programs have been independent tasks, such as 'drill and practice', simple internet research, communication and productivity (Dunleavy, Dexter, & Heinecke, 2007; Howard, Thurtell, & Gigliotti, 2012; Lei & Zhao, 2008) . In some studies students have shown gains in writing and they have been more likely to receive individualised and differentiated instruction (e.g. Silvernail & Gritter, 2007 ). Yet these tasks tended to be more teacher-centred and were unlikely to engage students in higher cognitive activities, such as problem solving or critical thinking (e.g. Lowther et al., 2012) . Some studies have reported positive gains in educational outcomes, such as higher engagement, increased enrolment in schools, decreased absenteeism, increased discipline, and more participation in classrooms. While it is possible, there is no evidence that these improvements are due to use of one-to-one devices (Kraemer, Dedrick, & Sharma, 2009 ). Further, these improvements have not resulted in measurable gains in student learning.
Student access and custodianship have not been widely researched. Yet, a primary aim of one-to-one device programs has been to put technology directly in the hands of all students. This strategy is thought to 'compensate for unequal access to technologies in the home environment and thus help bridge educational and social gaps' (Warschauer & Matuchniak, 2010, p. 180) .
Research in the area of economics has shown that young people without access to computers at home are at a disadvantage. A comprehensive analysis of US datasets by Fairlie, Beltran and Das (2010) found a significant relationship between home ownership of computers and high school graduation rate. When controlling for income, race and parent's education, those with a home computer were 6-8 % more likely to graduate from high school than teens that did not have home computer. This difference supports the implementation approach of providing devices directly to the students, focusing on access rather than teacher engagement, adoption and use, a finding that seems to contradict the emphasis on teacher training in the majority of qualitative studies.
These findings collectively highlight the importance of the two factors of implementation, but it is unclear which, or what combination of the two, is more likely to produce positive gains in learning and educational outcomes. The field of development economics has encountered a similar conundrum, where competing theories and observations have failed to provide policy direction. One of the most widely researched and debated areas is that of insecticide-treated bed nets (ITNs) as a preventative solution to malaria. Some economists have argued that bed nets should be given away to prevent spread of the disease (Sachs, 2005) , while others argue that free bed nets are not valued and are less likely to be used (see Cohen & Easterly, 2009) . The debate over bed nets is an example of where theory and qualitative observation have failed to come to an agreement. Some resolution was eventually reached through field experiments. Cohen and Dupas (2008) tested the two approaches by randomising the price at which prenatal clinics could sell bed nets to pregnant women, finding that free distribution could save more lives than cost-sharing programs.
Similar theoretical questions surround one-to-one programs in schools. Arguments can be made that devices should be provided or subsidised for students most in need, or only to teachers that are likely to use them, yet there are also arguments for general distribution within a public school system. As demonstrated through the bed nets debate, field experiment trials at the level of implementation can provide a robust method for resolving policy questions about program implementation. At its core, implementation involves the classic Hayekian question of what kinds of knowledge are needed in deciding how to allocate resources (Hayek, 1945) . Hayek argues that we cannot fully know the circumstances of social and economic orders due to the particular circumstances of a time and place, meaning that that policy-makers will forever struggle to make sense of the efficacy of programs in advance. Yet policy-making requires that such decisions be made. Trials which identify through theory or preliminary qualitative research the components that require testing, and then undertake iterative experiments to test those components, are a means to understand not just whether programs work but why they work or fail (Grissmer, Subotnik, & Orland, 2009 ). Research of this kind involves a process of creative experimentation, whereby 'policymakers and researchers work together to think out of the box and learn from successes and failures' (Banerjee & Duflo, 2009, p. 174) .
When it comes to acquiring knowledge to determine effective resource allocation in the field of one-to-one device programs, policy-making is hindered by the fact that the vast majority of studies into these programs are qualitative in nature. Qualitative studies are favoured due to the complexity of schools and the difficulty of isolating variables, yet fail to provide evidence from which generalizable findings can be built. As economists Banerjee and Duflo (2009, p. 
153) explain:
… observational data on the educational production function often comes from school systems that have adopted a given model, which consists of more than one input. The variation in school inputs we observe therefore comes from attempts to change the model, which, for good reasons, involves making multiple changes at the same time. Although there are exceptions, this means that a lot of the policy-relevant knowledge that requires observing the effects of variation in individual components of a package may not be available in observational data.
Even within controlled quantitative studies, the issue of variation can arise. Tamim, Bernard, Borokhovski, Abrami, & Schmid's (2011) meta-analysis of 40 years of controlled studies on computer assisted instruction found a 12% increase in student achievement when technology was integrated into the classroom. However, they suggest that the variability within studies, including 'instruction, pedagogy, teacher effectiveness, subject matter, age level, fidelity of technology implementation, and possibly other factors… may represent more powerful influences on effect sites than the nature of the technology intervention' (p. 17), and argue that it is incumbent on researchers to sort out these nuances.
Moreover, quantitative studies have tended to compare treatment groups with the absence of technology rather than isolating factors within programs (e.g. Angrist, 2004; Cristia, Cueto, Ibarraran, Santiago, & Severin, 2012; Fairlie & London, 2011) . While these studies can tell us whether an overall treatment works they tell us little about the strengths of various parts within complex programs. The field is therefore left none the wiser about which type of approach is likely to produce better results. Banerjee and Duflo (2009) argue that the only way to improve policy-making is by observing the behaviour of comparable groups of people facing different levels of treatments through randomised controlled trials. For one-to-one device program research, this type of investigation would enable researchers to focus on implementation factors that influence outcomes, such as standardised tests or attendance, and to see where the possible failures are occurring. Our discussion of the OLPC Australia program below is intended to illustrate the two factors within implementation models that require testing and that can take us further towards improved educational outcomes.
One Laptop per Child -background
The question of how best to implement one-to-one laptop programs should be a major concern for Australia. In recent years, Australia's federal government has invested in two national one-to-one device programs: 1) The National School Computing Fund, which is the funding component of the Digital Education Revolution (DEEWR, 2012), and 2) One Laptop per Child, Australia (One Laptop per Child Australia, 2012). In the Digital Education Revolution, laptops and/or computers were deployed, by the states, using a top-down saturation model. This initiative has provided over $1 billion for secondary schools to purchase devices, as well as improve network infrastructures, with the aim of achieving a one-to-one student to computer ratio across the country. The second significant investment, which is the focus of this discussion, was at the primary school level. In 2012, the federal government budgeted $11.7 million to subsidise the purchasing of 50,000 OLPC Australia XO laptops for disadvantaged primary schools across the country, for two years (2013) (2014) The first large-scale evaluation of OLPC was funded by the Inter-American Development Bank (IDB) in 2012. Although the most comprehensive study to date, its relevance to OLPC Australia is limited due to important factors involved in the different implementation models.
IDB conducted a randomised evaluation of a top-down saturation model program in Peru, measuring the outcomes in 209 treatment schools against a control group of 110 schools (Cristia et al., 2012) . The study found no evidence of effects on standard measures such as enrolment or test scores in Mathematics and Language, which is similar to findings from other one-to-one programs (e.g. Lowther et al., 2012) . However, effects on home use were large: '42% of treatment students using a computer at home in the previous week versus 4%in the control group' (Cristia et al., 2012, p. 2) . The study also found improvements in cognitive skills, with the estimated impact on the verbal fluency measure being the equivalent of 'the progression expected in six months for a child' (p. 3). The IDB team recognised that 'pedagogical integration of laptops into classrooms, combining specific software with a strong component of teacher professional development ' (p. 19) as an alternative route with the potential to yield different results for Mathematics and literacy outcomes. As outlined below, OLPC Australia has the potential to be the exception that produces different results, strengthening our argument for comparative implementation research.
Method
Our case study of the OLPC Australia program is based on an explanatory model, which provides the scope to identify and investigate influential factors in a system. Data sources included in the study were primarily teacher interviews and online discussion board posts. The interviews, undertaken by OLPC and de-identified by OLPC staff for the purposes of our research, addressed specific questions about XO implementation, including who was using the laptops, how often, and issues related to the training requirement. The questions also covered more basic evaluative questions, such as impact on attendance, perceived impact on Mathematics and literacy results, and common uses of the devices. Interviews took place over one month in 2012. The interviews were conducted using skype by research assistants external to OLPC, and consisted of structured episodic interviews. Discussion board posts were taken from the OLPC Australia Yammer site. Teachers are given access to the social networking service when they join the program. Between 2010 and 2012, teachers were expected, as part of the training, to log into the site and make an initial posting. Posts were collected for this research between July 2011
and November 2012. All data from these sources has been de-identified.
Case study sample
At the time of data collection, OLPC was working with 113 schools in 5 states, across Australia, with over 6000 laptops distributed to classrooms. The majority of schools are located in 'very remote areas 3 ' (n = 69), followed by 'remote areas' (n = 19), 'provincial' (n = 16) and 'metropolitan' (n = 9). The OLPC program is not run specifically for Indigenous schools;
however, almost 60% of schools (n = 67) in the program are in areas where the Indigenous population is over 75%, with 70% (n = 80) having an Indigenous population over 50%. A subset of 20 teachers, participating in the OLPC Australia program, from nine randomly selected schools, participated in the interview phase of the data collection (see Table 1 ). Of the 20 participating teachers, three identified themselves as having an 'IT focus.' The participants represented an even range of teaching experience, from one year in the classroom to over 30 years (under 5 years, n = 7; 5-15 years, n = 5; over 15 years, n = 8). There was also a full representation of grade levels, from Preparatory 1 (age 5) to grade 6 (age 12), with a slight emphasis on the Preparatory level (n = 6). Participating teachers represent a full range of time participating in the OLPC program, with the majority being in the program for less than one year (less than one year, n = 10; 1-2 years, n = 8; more than 2 years, n = 1). Actual start of participation, and receipt of class-set of XOs, would depend on when the teacher completed their XO training.
Teacher training and the adopter-diffusion model
OLPC Australia has named the adopter-diffusion model 'One Education'. One Education is OLPC Australia's (OLPC Australia, 2012):
comprehensive training, development and support program is included with the delivery of every XO laptop. We believe it takes a village to raise a child and that's why we have a role for everyone at school and at home to make learning with the XO fun.
The package includes access to online training (One Academy, Table 2 ), online community networking and integration support (e.g. Yammer and One News), as well as access to online technical support. To receive a classroom-set of laptops, teachers must complete initial XO certification training. To complete the training, they need access to the internet, a one gigabyte USB key and two XO laptops (provided by OLPC Australia). Advanced teacher training, training and recognition for students, and maintenance training for school or community members is also available, but not mandatory. Although the entry requirement potentially acts as a barrier to complete saturation, OLPC's expectation was that teachers are more likely to use the laptops, and use them for educational rather than recreational purposes in the classroom, if they have completed training.
<<insert Table 2 here>> The training works through a community-of-practice model whereby teachers share knowledge and encourage others to participate. As a result, take-up of the program is expected to occur through a somewhat viral grassroots method that is opt-in as opposed to a requirement of the job. The extent to which this occurs is discussed further below. To incentivise teacher participation, XO-certified and expert modules have been accredited and can contribute towards a tertiary education degree or counted towards state-mandated professional development obligations. Groups of 10 or more may apply to host a workshop in their school or community,
where OLPC staff will deliver the courseware face-to-face.
XO-cert: Required teacher training
The XO certified (XO-cert) training course is the main component of the adopterdiffusion model and a possible site for comparative research. Our initial research indicates that training produces positive results for adopters, but can exclude others from participation.
The XO-cert training course covers essential aspects of the XO use and integration in the classroom (see Table 2 ), as well as introducing the teachers to the online community (e.g.
Yammer) and other resources. The course has been designed to be completed in 15 hours. It is primarily delivered in an online format through Moodle, and when possible, offered face-to-face.
As of September 2012, 161 educators had completed the online training. Teacher posts in the online Yammer 'Australian XO Teacher' community discussion boards have been positive about the online training. Generally, teachers' posts mentioned that training introduced them to use the XO in teaching and helped them to think about how they would integrate the XOs in the classroom. One example is:
I found that the certificate was really good to make you play around with the different activities and also find out about some basic troubleshooting. The lesson planning activities also help you to think about how you will use the XO in the classroom to help students achieve learning outcomes. -User discussion board
post, Yammer
The comment suggests excitement about learning what can be done with the XO in teaching, as well as anticipation of applying the tool in their own context. It should be noted that teachers' engaging in an online community space tend to have positive beliefs about technology, online training and technology integration. They are more likely to be motivated to participate in, and complete, an online course.
One teacher believed the online training course was a way to get less engaged teachers involved in the program:
You are forced to get right into lots of great activities! We have even got other teachers, who weren't necessarily going to do it, on to the course because it was so helpful! -User discussion board post, Yammer
Teachers already engaged were encouraging their local peers to participate, thus increasing the number of teachers in the program at their school. This is a fundamental aspect of the adopter-diffusion model. More typically, other teachers observed it was difficult for less engaged colleagues to allot time for online study. At some schools, the online training was perceived as a barrier to 'getting the laptops in the classroom': The comment suggests that the training requirement can limit the rate at which the laptops are brought into the school and integrated into learning. While the training program is only 15 hours, the time it takes teachers to complete the course varies from just weeks to several months. Teachers who are less engaged in the program and less confident in their teaching, will be less motivated to complete the training.
Diffusion of training and expertise in OLPC schools
A further component of the adopter-diffusion approach that requires testing is the extent to which adopters encourage others to participate. Educators that wish to extend their knowledge can undertake the XO-expert (XO-pert) course, also 15-20 hours. Completion of this course certifies teachers to deliver the XO-cert to new teachers. The course uses a train the trainer model. It is intended to build capacity and support structures at school and region levels to provide more substantial face-to-face training, as well as building local communities of practice.
Teacher participation in this course is an important component in the adopter-diffusion model.
This provides more opportunity for teachers to complete the XO-cert course and receive classroom sets of XO-laptops, thus moving schools closer to one-to-one saturation of laptops.
In the same platform as the XO-cert online course, there are three extension modules for teachers to work towards XO-pert (see Table 2 ). At the time of data collection, the course was relatively new and only four teachers had completed the training, although 95 teachers and five teacher aides were undertaking the training. A small number of IT coordinators, administrators and school principals have also completed or were enrolled in OLPC training (less than 20 in total). So far, the four XO-pert trained teachers have delivered 5 courses to approximately 45 participants.
The interview data suggests that, in some cases, the face-to-face options are much better suited to teachers' ways of working and learning: Yammer, provides teachers with a level of access to training and expertise that would have been previously resources intensive to support across many schools. These methods support the adopter-diffusion approach by providing online communities of practice in the tools, thus creating some culture of change and sharing of experiences and teaching strategies. Availability of this type of interaction can support increased engagement for some teachers, but as it was pointed out previously, many teachers still need face-to-face interaction to become engaged and keep up motivation.
This approach seems to be producing a reasonably high level of use within the classroom (see Table 3 ). Table 3 presents case study teachers' reported frequency of XO use in lessons and by students independently. The duration or quality of use was not measured. Table 3 Teachers' frequency of XO use
Once a day or more 2-4 times a week Once a week in lessons (teacher + 11 8students)
independent use a (students) 9 7 0 a Four teachers were unable to make this judgment. All four used the laptops in their lessons 2-3 times a week or less.
Frequency of use was often related to what was being taught, with mathematics or literacy being the most common foci. Use of laptops in lessons is higher than reported in comparable studies (typically 20% daily use; e.g. Warschauer et al., 2011) . These may be inflated due to interviewer effect; although, higher use could also be a function of the adopter-diffusion model and higher teacher engagement. This is a significant question for future research is the extent to which greater outcomes for a few (adopters and their students) outweighs outcomes for all in the saturation model.
After training: Deployment in the classroom
A further area for investigation is the sustainability of the model in individual schools.
After XO-cert training is completed, teachers receive their classroom set of XO laptops. In their first year of program participation, OLPC Australia requires the class-set of XOs to stay with the trained teacher. After one year, the school can manage the laptops as they wish. The teacher and their school determine actual deployment of the XOs in the classroom, such as how they are allocated and custodianship.
One of the problems of the adopter-diffusion model, highlighted by OLPC Australia, has been teacher attrition in rural and remote schools 4 . In some instances, teachers with high levels of engagement in the program have taken their classroom-set of laptops to other schools. It has been more common that when a teacher leaves a school, the laptops stay in the classroom. As teachers voluntarily participate in the OLPC program, it is not certain whether replacing teachers will take the opportunity. In the event that the replacement teacher does not participate in the program, the laptops can go unused. One participant made the following comment regarding this issue:
Ultimately it is up to the [replacing] classroom teacher and while he is aware that the XOs exist he has shown no desire to engage with them in the classroom.
Again there is very little that can be done regarding this and it is a matter of personal choice for the classroom teacher whether or not they want to learn how to use the XOs and deliver educational outcomes. -User discussion board post,
Yammer
The above comment reinforces principles of the adopter-diffusion model, in that teacher participation in the program is voluntary. Teachers entering schools with high levels of technology use and developing communities of practice are more likely to integrate technology in their practice (Zhao & Frank, 2003) . This effect was suggested earlier in regard to teachers encouraging less engaged colleagues to participate in online training.
The possibility of teacher adoption of technology is further increased if students expect to use it (Windschitl & Sahl, 2002) , such as if students had used the devices in their previous school year. However, in all nine schools, the XOs did not go with the student as they progressed through the grades. One teacher expressed the belief that students would benefit from keeping the laptop as they progressed through school:
I'll be suggesting that the XOs actually go up with the kids... I really think the kids would benefit from having them for lots of years. I'll be suggesting in our school that we send them with the kids, so that those kids become XO experts and mechanics and all that. One participating teacher reported that parents had noticed '[their children] weren't using the XOs as much as they were last year and wanted to know why' (Teacher 5, School 5) . They explained to the parents that, as students moved from grade to grade, they would have different opportunities to engage with XOs, which depended on the teacher. OLPC Australia hopes to develop sustainability, and teacher student use through training students to provide local technical support.
Student custodianship
The adopter-diffusion model places less emphasis on home use than the saturation model.
Student custodianship of the laptop through sequential years of schooling has been encouraged by OLPC Australia, but not required. Actual presence of student custodianship varied between schools, as well as in individual classrooms, but was overall quite limited. Of the 20 teachers interviewed, 12 did not have the students take the laptops home, six did allow the student to take it home with consideration and two reported that students could take their laptops home. A teacher in School 5 reported that students were able to take their laptops home, at the discretion of the student and dependent on their level of responsibility:
A couple depending on their trust. Like if they can bring back a library book, [or] they can't bring back a library book they're not going to get an XO. Yeah so I guess a couple of families have taken up the opportunity to take it home so they can show Dad as rewards and things, their own personal one, or show work that they've done on them but not everyone and not regularly. -Teacher 10, School 5
Several practical limitations to student custodianship were identified. One teacher reported letting their 4th and 5th grade students take the laptops home, while the other two teachers (P and grade 1) did not. One teacher explained why her Preparatory students did not take the laptops home:
At the moment because we're still getting used to the handling. We've only had it dropped once so yeah it's a little bit of that caring which we've got to teach 'cause they're five years old only. -Teacher 13, School 8
Some teachers had reservations about students taking the laptops home because of students' living arrangements:
No, mainly because being the demographic… we did not allow the children to take them home. Many of them live in overcrowded housing, with many people and we were frightened that the XOs would go missing. -Teacher 3, School 3
In both of these comments, the primary concern limiting custodianship has been loss or damage of the laptop. These choices reflect a prioritization of use in the classroom over continuous student access. This could be related to teachers' use of the laptops being classroom and lesson-oriented. Comparison of custodianship and non-custodianship across OLPC Australia schools requires further investigation, including analysis of standardised test scores between the two groups.
Conclusion and further research
In their second-level meta-analysis of existing studies of computer-assisted instruction, (Warschauer & Matuchniak, 2010, p. 219) , literacy and numeracy standards are correlated with overall long-term education outcomes (Hughes & Hughes, 2012, p. 7) and are a useful means of assessing broad outcomes.
At the time of the research, it was not possible to analyse whether the OLPC program was having an impact on the test results in participating schools. Test score data is only publicly available at the grade level and OLPC did not possess reliable information on what classrooms were using XO laptops. Without saturation of laptops across schools, it was not possible to isolate OLPC participating classrooms to assess impact. Further, schools that had achieved full saturation were often in very remote small schools that were below the reporting threshold or not submitting data. We were therefore unable to establish a large enough sample to investigate whether there was a correlation between standardised test results across OLPC schools. OLPC is currently working to resolve these gaps in data collection for its own evaluation purposes.
Our initial investigation of OLPC Australia raised more questions than answers.
However, the research method -in particular, the qualitative interview data -provided a useful starting point for understanding the model and developing specific research questions. A close look at the adopter-diffusion model has revealed that teacher use (engagement and training) and student access are key factors of implementation requiring further investigation. The specific research questions that emerged from OLPC's existing data include: To what extent does the required training component limit teacher participation? Can the community of practice forums and viral diffusion method achieve saturation across schools? If the adopter-diffusion approach possesses an inherent limit by relying on teacher engagement, do the benefits outweigh the costs? Furthermore, student access to laptops in the classroom was an issue noted by teachers and parents when students progressed to a classroom where the laptops were not used.
Longitudinal research is required to determine how changes in access to XOs, year to year, impacts on students' learning and the overall success of programs. Moreover, while access in the classroom seemed to be valued by teachers, they did not place great emphasis on student having custodial access to the laptops. Although we can glean some insights through qualitative data, we
were not able to compare gains in ICT skills or learning classroom-centred use with students that use their laptop. Other issues worthy of study not discussed here include differences across grade levels at which laptops are implemented, impact on attendance, as well as investigation of student engagement, including outcomes of student accreditation and student training programs.
Ideally, all of these components could be tested through randomised controlled trials within large-scale projects, moving away from a 'with computers versus without computers' analysis to a narrower focus on project components. 
